Abstract. At present, the domestic large-scale water conservancy projects increase in growing number augmenting the amount of the spillway tunnel with high head and big flow, and then the problem of the high speed air flow occur, which cause a series of issues. In order to carry out three-dimensional calculation of hydraulic characteristic of a certain spillway tunnel on the right band of a hydropower station in China, VOF model and turbulent model were used, and discharge capacity 、 water depth 、 pressure distribution of pressure section、ventilation characteristics and wind speed distribution are given in this paper, which provide experience for optimizing shape of spillway tunnel. At the same time, a good agreement between numerical model results and test results is obtained.
Introduction
The spillway tunnel is always used as flood discharge facility in many water conservancy projects. With the progress and development of the technology, the domestic large-scale water conservancy projects increase in growing number, so the amount of the spillway tunnel with high head and large discharge are augmented. However, this tide also brings a series of highspeed hydraulics problems [1, 4] . The high speed air flow is one of those problems. Due to the design and layout of the project, flood discharge tunnel in actual operation will induce the high-speed airflow within buildings such as the wind tunnel of the working gate and the air hole of bulkhead gate, causing that the loud noise in the entrance of the wind tunnel、hoist room of the working gate and the local failure in the flood-discharge tunnel. Furthermore, wind speed in the spillway tunnel should be lower than 60 m/s [5] , otherwise the safe operation of the spillway tunnel has been effect. So studying the hydraulic characteristics in the spillway tunnel, even the spillway tunnel with high head and large discharge, is necessary
With the rapid development of the computer technology, numerical simulation has become a significant method to study the water-air two-phase flow in the flood discharge. VOF model [6] has been widely used in the research of aerated flow in the flood discharge as a kind of relatively simple simulation method of two-phase flow. For example, Den etc. [7] combined this model and model to numerically simulate the hydraulic characteristics in spillway tunnel with high head. It was concluded that the volume of ventilated air in the ventilation holes of working gate room by simulation was relatively coincided with the measured one; Wang [8] also used the VOF model and model to simulate the corrosion reduction of aerated flow in the spillway tunnel. The results show that v-shaped candy was good at increasing the aerated flow and improving the indexes like the volume of ventilated air
In China, there is a certain spillway tunnel with high head and large discharge, whose total storage is 237.03×108 m3 and the condition of checking water level. is 817.99 m. So the model and the VOF model are initially combined to numerically calculate the overall of the spillway tunnel on the right band of a hydropower station in this paper. We get discharge capacity、water depth、pressure distribution of pressure section and non-pressure section and ventilation characteristics. Meanwhile, the results are compared with the test value
Mathematical Model、Mesh Generation and Boundary Conditions
The spillway tunnel is 1076.104 m in length, and the imported bottom elevation is 695m high. There is a pressure section before the working gate, which is 526.749 m long. The maximum operating water head of the working gate is 120m high. There is also a sudden enlargement and sudden drop in the working gate room, which is connected to the ventilation hole. The layout of physical model of the spillway tunnel is depicted in Figure 1 . In Fig. 1 , the gradient of i1 section of the non-pressure section is 0.2, after which is the i2=0.09 standard section, and then the non pressure section of i3=0.07、i4=0.07 In order to study the hydraulic characteristics of spillway tunnel, turbulent model was used in the mathematical model, and the specific equations of continuity equation and momentum equation can be seen in the literature [9] . Finite volume method was adopted for discrete of equation, the wall function method [10, 12] was adopted to solve the model, and PISO method was adopted for coupling of speed and pressure. VOF model was used for the simulation of free surface. In the volume ratio equation, by solving volume ratios of continuous equation of one phase or multi-phases, the interface between the tracking phase is obtained, for instance, the q phase, the continuous equation is as follows:
Where and is volume fraction and density in the q phase, respectively. The default value of is zero.
The volume ratio of main phase is obtained by the following formula
For two phase flows, the density of each calculating unit is:
The velocity field results obtained from solving the single momentum equation of the whole area is shared by every phase. Momentum equation depends on properties and achieved from the volume ratio of all phases, and the formula is as follows:
The overall numerical simulation calculation domain of the spillway tunnel is depicted in Fig. 2 . The combination of unstructured and structured hexahedral was adopted for simulation of the entirety mesh. Structured mesh was adopted for the reservoir area、 aerators、the horseshoe openings and flip bucket; the combination of unstructured and structured mesh was adopted for pressured section and working chamber. Mesh generation diagram of working chamber and parts of ventilation hole is depicted in Fig. 3 . In the overall numerical simulation of the spillway tunnel, water flow inlet was set to be speed inlet; ventilation hole and shaft inlet were set to be boundary conditions of pressure inlet; flip bucket outlet and uncovered section were set to be boundary conditions of pressure outlets. 
Sults and Analysis
Initializing the flow field before calculation, and assigning the numerical value of the volume fraction of the reservoir water to 1, namely the area is full of water. Water flows from the reservoir after the calculation. When the bulkhead gate is open, filling the front part of the pressure section with water, while the second half part of the spillway tunnel is still full of air. With the time coursing, water flows forward in the form of open channel after the water flows passing through the sudden drop in the working gate, and forming lateral and bottom cavity in the sudden enlargement and sudden drop. Water forms stable cavity after flowing through the aerators in the i1, i2, i3 slope sections. The model is unsteady simulations, so it can comprehensively reflect the flow process of the water, consistent with the actual situation of water flow.
Discharge Capacity
The discharge capacity of the spillway tunnel under the condition of checking water level (817.99 m) is calculated. The calculating result of the discharge capacity of the spillway tunnel is 3405 m3/s, and the flow coefficient of the tunnel is 0.7126 calculated by the formula of discharge coefficient seen in the literature [6] . While the test value of the discharge capacity is 3315 m3/s, the corresponding flow coefficient is 0.7101. The difference is 0.35% between the numerical calculation and the experimental flow coefficient, so the numerical simulation of the discharge capacity accords with the test result.
Water Depth
Cross sectional water depths along the spillway tunnel are shown in table 1. Table 1 shows that the water depth in both sides of the i1 slope is lower than that in the middle part, the water depth in the middle part of the i2 slope upstream part is lower than that in both sides. When water flow touches the wall, it will climb along the spillway tunnel. In the i2 slope section, there will appear water crown. In the middle part of i3, i4, the water depth is highly consistent. Empirical formula calculated results listed in the Table 1 , too. It shows that the experiment water depth is slightly smaller than the aeration water depth, while the maximum deviations are less than 5%. So empirical formula can make up for the defects of the VOF model
Ventilation Characteristics
The values of depth of water and the volume of ventilated air in three aerators are listed in Table 2 . It shows that the volumes of ventilated air by simulation and empirical formula in NO.1, 3 aerators are more consistent, but that in NO.2 aerator has large deviation. So the results of the volume of ventilated air simulated by VOF model are credible, but we should improve the VOF model to more accurately simulate aerated flow in future 
Pressure Distribution
Pressure of pressure section of the spillway tunnel is listed in Table 3 . It shows that the values are all positive, which indicates the size of the spillway tunnel is adoptable. Pressure in the bottom is decreasing along the flow direction, and pressure in the interior side of turning section is 100~165kPa smaller than the one in the lateral side. The pressure value by calculated and the test are more consistent, and the value by calculated is smaller than that by the test Wind speed distribution of the overall ventilating hole is depicted in Fig. 4 . It shows that the cross-section of ventilating hole is undersize resulting in oversize wind speed in the ventilating hole; because the inlet parallels to the axis of ventilating hole, wind speed distribution is non-uniform near the inlet of ventilating hole and the wind speed on the right side is bigger than that on the left side of overall ventilating hole. Meanwhile, the max value of wind speed is close to 120 m/s, which can cause loud noise; the layout of two arc segments can well balance wind speed distribution, but bad for air flow; the two straight segments adjust wind speed distribution are all extremely limited
Conclusion
VOF model and turbulent model were used to carry out three-dimensional calculation of hydraulic characteristic of the spillway tunnel with high head and large discharge on the right band of a hydropower station in China. We get the conclusions as follow:
The numerical simulation of the discharge capacity accords with the experiment results. Empirical formula to converse the calculate value of water depth into aeration water depth can make up for the defects of the VOF model which cannot directly get the aerated water depth of the cross section.
In the pressure section of the spillway tunnel, the values of pressure of emergency gate slot, working gate and the pressing slope, getting from physical model experiment and numerical simulation, are all positive.
At the back of the No.1, 2, 3 aerators, where the values of pressure are negative, forms cavity. At the same time, the results of the volume of ventilated air simulated by VOF model are credible, but the VOF model should be improved to more accurately simulate aerated flow; wind speed distribution is non-uniform near the inlet of ventilating hole and the wind speed on the right side is bigger than that on the left side of overall ventilating hole.
